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PARALYSIS OF THE DELTOID MUSCLE1 
HONOR C WILSON, 
The shape and size of the deltoid muscle 
in man is well known. It is because of the 
size and extension to the acromion that a 
dominant position is occupied by the deltoid, 
It is superficial in its whole extent, having 
a U-shaped origin over the glenohumeral 
joint, and attached to the clavicle by its 
anterior fibres, acromion by its medial fibres, 
and spine of the scapula by its posterior 
fibres. All the fibres converge on to the 
lateral aspect of the humerus and are inserted 
in a V-shaped impression above the radial 
groove. In man the muscle has doubled 
in mass over the mammalian form. In the 
primitive mammal, for example, the opossum, 
the muscle is 20% by weight of the scapulo-
humeral musculature, while in man it is 
40%. In the chimpanzee it is 37%. 
The power of the deltoid in man has been 
increased in two ways, firstly by an increase 
in absolute and relative size, and secondly 
by the increased leverage achieved by the 
development of the acromion and by the 
distal migration of the deltoid insertion. The 
teres minor is morphologically a portion of 
the deltoid muscle so that in the primitive 
mammalian it is absent (Inman et at, 1944). 
In this paper I shall show principally the 
relationship of the action of the deltoid to 
that of other muscles of the scapulohumeral 
musculature, what happens when the deltoid 
is initially paralysed after damage to the 
circumflex nerve, and how the shoulder 
functions during recovery of the nerve supply 
to the deltoid. 
If we can relate a particular muscle to a 
particular function of the shoulder joint, 
we may say the deltoid muscle is the 
principal abductor of the shoulder joint. As 
no muscle works alone, it takes part as 
one with the other muscles in a pattern of 
movement known as the scapulohumeral 
rhythm (Williams, 1949). The term 
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"shoulder jointM is misleading, for there 
are four joints involved, the sternoclavicular, 
acromioclavicular, scapulothoracic and gleno-
humeral joints. The motion of the shoulder 
is the sum of movement contributed by 
synchronous participation of all these joint 
units. The movement at the shoulder has 
a wider range than any other joint in the 
body and for its stability it depends on 
muscle control. 
There are three groups of muscles acting 
on the shoulder joint. 
i. Muscles passing from the scapula to 
the humerus, the scapulohumeral muscles, 
comprising the supraspinatus, infraspinatus, 
teres major and minor, deltoid and sub-
scapular is. 
2. Muscles passing from the trunk to the 
humerus, the axiohumeral muscles, com-
prising pectoralis major and minor and 
latissimus dor si. 
3. Muscles passing from the trunk to the 
scapula, the axioscapular muscles, compris-
ing trapezius, rhomboids, serratus anterior 
and levator scapulae. 
The triceps and biceps muscles play a 
part in shoulder movement through their 
scapular attachments. 
RELATIONSHIP OF GLENOHUMERAL AND 
SCAPULOTHORACIC JOINTS IN SHOULDER 
MOVEMENT 
The early phase of elevation is irregular 
and characteristic for each individual. Either 
the scapula remains fixed, movement occur-
ring at the glenohumeral joint until the 
stable position is reached, or the scapula 
moves medially or laterally on the chest 
wall. It seems to depend on the habitual 
position of the chest wall which position 
the scapula occupies when at rest. This is 
called "the setting phase" (Inman et al, 
1944). The glenohumeral joint contributes 
twice as much to the total movement as 
the scapulothoracic. After the first 30 
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degrees of abduction and 60 degrees forward 
flexion the relationship of scapula to humeral 
motion remains constant. That is to say, 
between 30 degrees and 170 degrees of 
elevation through abduction, for every 15 
degrees of motion, 10 degrees occur at the 
glenohumeral joint and 5 degrees by rotation 
of scapula. Therefore the scapula and 
humeral motion are simultaneous and 
continuous. Elevation does not consist, as 
Pollock (1922) described, of three cycles, 
from zero to 60 degrees (mainly gleno-
humeral motion), 60 degrees to 115 degrees 
(principally scapular rotation) and 115 
degrees to vertical (again glenohumeral 
motion) (Williams, 1949). 
Under special or abnormal conditions the 
motions of either one of these two joints 
can occur independently. For example, when 
the scapula is fixed it is possible to raise 
the arm actively beyond 30 degrees and 
passively to at least a right angle, By 
scapular fixation power is reduced by one-
third owing to loss of the effective bone 
leverage. 
ROLE OF THE STERNOCLAVICULAR AND 
ACROMIOCLAVICULAR JOINTS. 
With the motion of the scapula on the 
thoracic wall, there is movement of the 
sternoclavicular and acromioclavicular joints. 
Elevation of the arm is accompanied by 
elevation of the clavicle at the sterno-
clavicular joint. This movement begins early 
and is completed by 90 degrees; therefore, 
for every 10 degrees of elevation, there is 
4 degrees of elevation of the clavicle. At 
the acromioclavicular joint the total range 
is 20 degrees and it occurs early and late 
in elevation, that is, in the first 30 degrees 
of abduction and after 130 degrees of eleva-
tion of the arm (Inman et al.f 1944). 
MECHANICAL REQUIREMENTS FOR SHOULDER 
JOINT MOTION 
Three forces are required to establish 
equilibrium at the glenohumeral joint in 
any position of the arm. They are: 
1. The weight of the extremity acting at 
the centre of gravity of the limb. 
2. The abducting musculature, pre-
dominantly the deltoid. 
3. The resultant of the former forces 
acting through the centre of rotation in a 
direction opposite to that of the deltoid. No 
one muscle occupies a position to exercise 
the correct pull, so there is a component of 
forces: first, the pressure and friction of the 
head of the humerus at the glenoid and, 
second, the downward pull of muscles such 
as the subscapularis, infraspinatus and teres 
minor, whose action is below the centre of 
rotation of the humeral head. The principle 
of this muscle force couple at the gleno-
humeral joint will operate in a similar way 
in scapular motion. The first force is that 
necessary to counteract the weight of the 
entire shoulder girdle which acts in a vertical 
and upward direction. The other two forces 
establish the rotary couple. The force acting 
from the region of the acromion in a medial 
direction is partly passive and partly active. 
The passive component is resisted by the 
antagonistic pressure of the clavicle. The 
active component is supplied by the upper 
trapezius which also acts in supporting the 
pectoral girdle. 
Electromyographic studies of muscles 
acting on the shoulder were done by Inman, 
Saunders and Abbott (1944). The graphs of 
these muscles were done in abduction and 
flexion. The deltoid muscle in elevation 
through abduction had its greatest activity 
between 90 degrees and 180 degrees. The 
curve between these two points remained 
fairly constant. In elevation through flexion 
the action of deltoid was not so great; it 
reached a peak at n o degrees, remained 
fairly constant to 130 degrees and finally 
rose from 130 degrees to the same level as 
for abduction. 
The clavicular head of pectoralis major 
worked synchronously with the anterior part 
of the deltoid in forward flextion, accounting 
for the relatively low action potential of 
the deltoid in this movement. The pectoralis 
major muscle reaches a peak at 75 degrees 
and another at 115 degrees. In the supra-
spinatus muscle the action potential curve 
showed that the muscle acts with the deltoid 
throughout the entire range of motion from 
zero to 180 degrees, but its action current 
potential is not as high as for the deltoid. 
The curve describes almost a pure sine 
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wave. In forward flexion it reaches a peak 
at 80 degrees; in abduction its peak is 
greatest at 100 degrees. This dispels the 
theories that the supraspinatus acts as a 
depressor of the head of the humerus, fixing 
it during the initial stage of abduction, or 
as an initiator of abduction. Wiles (1955) 
states that when there is a complete supra-
spinatus tendon rupture, active abduction is 
still possible provided pain is inhibited by 
local anaesthesia. Here then are two 
situations entirely opposite, one proved by 
mechanical, the other by surgical means. 
The depressors of the shoulder—sub-
scapularis, infraspinatis and teres minor— 
act as a group continuously throughout 
abduction and flexion. In abduction the 
curve shows two peaks—one at 60 degrees 
to 80 degrees due to extra activity of the 
depressor action, and the other at 120 
degrees due to the activity of the muscles 
as rotators. In the teres major there is no 
activity during motion but there is with 
action statically. 
In the scapular rotators, the trapezius and 
serratus anterior are divided into upper, 
middle and lower components: (a) the 
upper component—the upper trapezius, 
levator scapulae, serratus anterior (upper 
digitation) act in a passive support postural 
function, in active elevation of the shoulder, 
and as the upper force component for 
scapular rotation; (b) the lower com-
ponent—the lower trapezius and lower 
digitations of the serratus anterior showed 
similar curves, the lower trapezius more 
active in abduction and the lower serratus 
anterior more active in flexion; (c) the 
middle component (mid-trapezius and 
rhomboids)—the mid-trapezius is active in 
abduction, maximally so at 90 degrees, 
serving to fix the scapula in its plane 
during abduction, and the rhomboid muscles 
function similarly, being most active in 
abduction and in active flexion. 
CIRCUMFLEX NERVE INJURY 
Traction on the circumflex nerve after a 
dislocated shoulder is very disabling at first. 
The patient is unable to lift the arm from 
the side of the body. If seen early, before 
the joint has had time to become stiff and 
soft tissue structures contracted, treatment 
consists in maintaining a passive range of 
movement in the glenohumeral joint. This 
is done by fixing the scapula and widening 
the gap to 90 degrees between the scapula 
and humerus; full elevation, equal with the 
normal side, complete internal and external 
rotation with the arm in abduction (this 
helps to stretch the tight structures), 
although the humeral head rotates to a 
greater degree with the arm at the side of 
the body and the elbow flexed. Treatment 
includes maintaining the deltoid in good 
condition by electrical stimulation to its 
three segments. 
The circumflex nerve may take about 
twelve months to conduct impulses again 
but the usual time is three to six months. 
Watson Jones (1943) states that the nerve 
is vulnerable in rather more than 5% of 
shoulder dislocations. This is due to the 
proximity of the nerve to the neck of the 
humerus, its limited mobility, and its course 
from the back of the axilla to the outer 
side of the humerus. 
In the past the patient was rested on an 
abduction frame until the muscle power was 
strong enough to hold the arm in abduction. 
Now the importance is realized of letting 
the patient use his arm as much as possible 
to develop the normal muscles. As time 
progresses scapulohumeral rhythm becomes 
established again without deltoid activity. 
The "Abnormal Pattern" Movement 
The trapezius-serratus motion of rotation 
becomes more developed and moves the 
scapula and humerus as a whole. The long 
head of biceps works more strongly in 
abduction and in external rotation, and the 
long head of triceps in extension and internal 
rotation. Wynn Parry (1955) states that 
in patients at the R.A.F. Rehabilitation Unit 
the movements reach full or near full range 
in four weeks and maximum power in six 
weeks. We have seen that once the patient 
can achieve 70 degrees of abduction further 
progress is rapid provided the serratus 
anterior is strong. Wynn Parry also stresses 
that the abduction obtained in these patients 
is not a trick movement in the accepted 
sense of the word, as the movement is, in 
all respects, normal and controlled. 
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Two CASE HISTORIES 
A male aged eighteen developed a complete 
circumflex nerve injury in October 1958, due to 
a traction injury with a dislocated shoulder. 
Anaesthesia was present over his left upper arm. 
Physiotheiapy was begun three weeks later. 
Electrical tests showed no nerve conduction. The 
passive range was well maintained. In December, 
1958, the inactive deltoid was so masked that it 
appeared that the deltoid was acting in all 
segments. By January, 1959, he had a functional 
shoulder and the only active limitation was the 
final stage of elevation and abduction in internal 
rotation. In March, 1959, five months after 
injury, he was discharged with a good functional 
shoulder, but on testing, he still could not abduct 
with internal rotation. Wynn Parry (1955) 
implies that the abduction-internal rotation test 
can be done by developing the long head of 
triceps, if developed from the start with weight 
resistance exercises 
In July, 1959 (nine monthe later), he was 
re-examined. The deltoid muscle was very 
wasted; the acromion and the spine of the 
scapula were prominent; anaesthesia, although 
still present, was gradually fading, a sign of 
regeneration Movements were equal on both 
sides except that he could not perform the test 
for a functioning deltoid, that is, abduction with 
internal rotation, but he could abduct sufficiently 
to put his hand in his hip pocket by elevating 
his shoulder The strength of the arm was 
almost normal, though slightly reduced in 
horizontal abduction and in abduction-internal 
rotation. Prone, with arms at the side of his 
body, he could hyperextend both arms equally, 
another test for the deltoid; the triceps had 
obviously hyperthrophied. Lying prone with arms 
stretched above the head, he could lift both 
arms equally off the plinth, usually a very 
difficult movement to do 
This case may be contrasted with that of 
another lad about the same age, although in this 
instance the deltoid was graded two to three. 
Afte. seven months he could not fully elevate 
his arm standing, nor Wing prone could he elevate 
his arm off the plinth. With the arms at the 
side of the body, he could hyperextend his 
affected arm with a hypertrophic triceps, but 
he could not hold it up for long or perform 
the movement many times; cramp in the triceps 
would allow him to do only a certain amount. 
It may be that a kyphotic shape to the thorax 
prevented full elevation in this case. Further-
more, as a student teacher, possibly he was not 
using his arm to the fullest possible extent: the 
first patient was a motor mechanic and had 
returned to his job a few weeks after the initial 
injury. 
REFERENCES 
INMAN, V. T , SAUNDERS, M , ABBOTT, L. C. 
(1944) : "Observations on the Function of the 
Shoulder Joint", / Bone and Joint Surgery, 
26 1. 
WILLIAMS, M. (1949) "Action of the Deltoid 
Muscle", Physical Therapy Review, 2g: 154. 
WILES, P (1955) * Essentials of Orthopedics, 
Second Edition, Churchill, London. 
WATSON-JONES, R. (1943) Fractures and Joint 
Injuries, Third Edition, Livingstone, Edm-
borough. 
W Y N N PARRY, C B. (1955) • "Shoulder Abduction 
with Deltoid Paralysis", Annals of Physical 
Medicine, 2 178 
